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Abstract 
Background: The electroencephalogram-derived bispectral index (BIS) is a 
promising new method to assess anesthetic adequacy.  The purpose of this study 
was to evaluation of outcome in sticking upper limit and lower limit in BIS 
monitoring for radical cystectomy surgery. 
Methods and Materials: A total of 202 patients with elective radical 
cystectomy were selected randomly and divided into two groups of BIS (40-
50) and BIS (50-60). The patients were blinded to the study group (BIS). 
Initially demographic and clinical information such as age, sex, weight, 
recovery time, patient extubation time, awareness during surgery, mortality rate 
and patient stay in hospital, BIS and patient cost were included in data 
collection form. 
Results: There were 197 males and 5 females and the average age of the 
patients were 67.12±8.1. There was significant relationship between recovery 
time, amount of anesthetic used, ICU stay, hospital stay, hospital cost, and BIS 
monitoring range (p<0.001). In addition, there was significant relationship 
between extubation time and BIS monitoring range (p=0.001). The 
relationship between PONV with BIS monitoring range is significant 
(p<0.001). But there was no significant relationship between analgesic drugs 
(p=0.26) and awareness (p=0.175) and mortality (p=0.651) with BIS 
monitoring range.  
Conclusion: By increasing the BIS value, the anesthetic dose, extubation and 
recovery time, hospital and ICU stay were significantly reduced as well as the 
cost. 
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Introduction 
Tumors that have involvement of muscle (T3), 
fat and structures outside the bladder (T4) are treated 
first with transurethral resection of bladder tumor 
(TURBT), and then radical cystectomy (possible 
prostatectomy) followed by neoadjuvant 
chemotherapy. Radical cystoprostatectomy (RCP) is 
the standard and effective treatment method for 
patients with invasive or superficial recurrent bladder 
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cancer who are in a high progression risk group (1) 
Current evidence suggests that anesthesia that 
is either excessively deep or too light may have a 
negative impact on patient outcomes. While 
awareness during general anesthesia is associated 
with patient dissatisfaction and increased incidence 
of posttraumatic stress disorder, excessive depth has 
been linked to increased incidence of postoperative 
delirium and cognitive dysfunction. In addition, some 
studies have also suggested an association between 
excessive depth of anesthesia and postoperative 
mortality (2). Traditional methods of monitoring 
depth of anesthesia have been based on clinical signs 
and minimal alveolar concentration of inhalational 
anesthetics. Advances in technology over the last 20 
years have led to the development of 
electroencephalography (EEG)-based depth-of-
anesthesia monitors (2). Currently, there exists no 
effective monitor that can predict the probability of a 
patient being conscious during general anesthesia. 
The electroencephalogram-derived bispectral index 
(BIS) is a promising new method to assess anesthetic 
adequacy (3).  
Low mean arterial pressure (MAP) and deep 
hypnosis have been associated with complications and 
mortality. The normal response to high minimum 
alveolar concentration (MAC) fraction of anesthetics is 
hypotension and low Bispectral Index (BIS) scores. 
Low MAP and/or BIS at lower MAC fractions may 
represent anesthetic sensitivity (4) In fact, all 
anesthesiologists should pay particular attention to 
these three parameters and reduce them during surgery. 
(4) Therefore, in this study we evaluated different BIS 
levels between 40 and 50 and 50 to 60 in patients 
undergoing radical cystectomy; the results will be 
reported in terms of overall study objectives. 
Methods 
n this clinical trial study, 202 patients with 
elective radical cystectomy under general anesthesia 
referred to Shahid Modarres Hospital in 2015-2019 
were selected randomly from simple random 
sampling.  
Exclusion criteria included: patients with 
advanced cardiovascular problems (Class 3 and 4 
American society of anesthesiology (ASA)), 
Duration of operation less than two hours, 
Discontinuation of anesthesia due to unstable 
hemodynamic bleeding, patients who underwent 
emergency surgery and over 80 or under 18 years of 
age. Initially demographic and clinical information 
such as age, sex, weight, recovery time, patient 
extubation time, awareness during surgery, mortality 
rate and patient stay in the hospital, BIS and patient 
cost were included in the data collection form. 
Patients were randomly divided into two 
groups of BIS (40-50) and BIS (50-60). The patients 
were blinded to the study group (BIS). 
Anesthesiologist in the operating room was aware of 
the type of patients group. Prior to the induction of 
anesthesia, a catheter No. 18 was inserted for the 
administration of medications and fluids, and then a 
monitoring sensor was mounted on the frontal 
patient, and then every 5 minutes BIS and 
hemodynamics were recorded. Induction with 
propofol 2.5 mg/kg and atracurium 0.5 mg/kg, 
Sevoflurane with 3% MAC was used in all patients. 
For maintenance and, based on BIS or the 
hemodynamic conditions, sevoflurane changed and 
this decrease or increase in anesthetic will be 
recorded. Therefore, in operation, the anesthetic dose 
adjusted based on the BIS number that in the first 
group in range BIS (40-50) and in the second group 
range (50-60) and non-depolarizing muscle relaxant 
(NDMR) administration during the operation was 
done based on TOF monitoring. 
At the end of the surgery, extubation time and 
then the time for eye-opening and response to verbal 
stimuli and total recovery time and the amount of 
analgesia required for recovery were recorded in both 
groups. Mortality and total cost were documented in 
both groups, existence or absence of awareness in the 
patients were noted in recovery unite when patients 
were awake and 72 hours after surgery. If patients 
require ICU, length of ICU time, as well as the length 
of hospital stay, is also noted. 
Results 
Among 202 patients in this study, there were 
197 males and 5 females and the average age of the 
patients were 67.12±8.1. The patients were divided 
into two groups (BIS range 40-50 and BIS range 50-
60) that there were 101 patients in each group. The 
average age of group 1 (BIS range 40-50) was 65.92±8 
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and the average age of group 2 (BIS range 50-60) was 
68.33±8.9. There was no significant relationship in age 
between two groups (Table 1). 
The average of recovery time, amount of 
anesthetic used, ICU stay, extubation time, hospital 
stay, hospital cost, were measured in each group. 
There was significant relationship between 
recovery time, amount of anesthetic used, ICU stay, 
hospital stay, hospital cost, and BIS monitoring range 
(p<0.001). 
Then the percentage of mortality, postoperative 
nausea and vomiting (PONV), awareness, analgesic 
drugs in each group. The relationship between PONV 
with BIS monitoring range was significant (p<0.001), 
but, there was no significant relationship between 
analgesic drugs (p=0.26) and awareness (p=0.175) and 
mortality (p=0.651) with BIS monitoring range (Table 
3).  
Discussion 
Anesthesia based on BIS ranging from 40 to 60 
improves anesthesia drug delivery and recovery after 
surgery with a higher depth anesthesia ratio and also 
reduces the risk of surgery awareness in high-risk 
patients. 
Routine use of BIS in the operating room today 
has improved clinical outcome, a BIS of less than 50 
has not been associated with clinical benefits, and 
anesthesia has been associated with a BIS ranging from 
50 to 65 with shorter recovery time and surgery. 
The BIS, a parameter derived from the 
electroencephalograph (EEG), has been shown to 
correlate with increasing sedation and loss of 
consciousness (5) The use of clinical signs may not be 
reliable in measuring the hypnotic component of 
anesthesia. The use of BIS to guide the dose of 
anesthetic may have certain advantages over clinical 
signs (6) 
Explicit recall (ER) is evident in approximately 
0.2% of patients given general anesthesia including 
muscle relaxants (7). Awareness is an uncommon 
complication of anesthesia, affecting 0.1-0.2% of all 
surgical patients. Bispectral index (BIS) monitoring 
Table 1: Relationship of age between two groups. 
 
 Mean (%) P value 
group 1(BIS range 40-50) 65.92±8 
0,017 
group 2(BIS range 50-60) 68.33±8.9 
 
Table 2: Average of anesthetic dose, extubation time, recovery time, hospital stay, ICU stay, cost in patients and the 
statistical relationship between two groups. 
 
 group 1(BIS range 40-50) 
(n=101) 
group 2(BIS range 50-60) 
(n=101) 
P value 
Anesthetic dose(cc) 120.79±20.1 95.38±15.2 <0.001 
extubation time(min) 23.54±8.7 19.49±7.8 0.001 
recovery time(min) 68.03±24.01 46.7±18.8 <0.001 
hospital stay(day) 13.82±2.5 12.62±3.47 <0.001 
ICU stay(day) 3.48±2.8 3.44±1.9 <0.001 
Cost($) 315±29.9 283.76±29.9 <0.001 
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measures the depth of anesthesia and facilitates 
anesthetic titration (8) 
The BIS is from zero, indicating full 
suppression of the brain's electrical performance to 
100, indicating complete level of consciousness. 
Significant target range is recommended to prevent 
awakening during anesthesia and to prescribe a 
minimum dose of anesthetic between 40 and 60. Given 
that BIS 40 to 60 is appropriate for anesthesia, the 
effect of BIS at its lowest the highest limit will be 
examined in this study (9). BIS is the most widely used 
DOA-monitoring system and is approved for 
Table 3: Number and percentage of PONV, awareness, analgesic drugs and mortality in patients and the statistical 
relationship between two groups. 
 
 
group 1(BIS range 40-50) 
(n=101) 
group 2(BIS range 50-60) 
(n=101) P value 
number percent number percent 
PONV 
Mild 29 28.7 59 58.4 
<0.001 Moderate 53 52.5 38 37.6 
Sever 19 18.8 4 4 
awareness 
Without awareness 100 99 97 96 
0.175 
With awareness 1 1 4 4 
Analgesic 
drugs 
Opium 55 54.5 66 66.3 
0.26 Acetaminophen 36 35.6 21 20.8 
Both 10 9.9 14 13.9 
Mortality 
Death 3 3 2 2 
0.651 




















Massoudi et al.                                               Evaluation of Outcome in Sticking Upper Limit and Lower Limit in BIS … 
 Journal of Cellular & Molecular Anesthesia (JCMA) 
86 
monitoring hypnosis by the food and drug 
administration (FDA). It can be a useful monitoring 
guide for the titration of propofol (10). 
In the Avidan study in 2011, BIS levels ranged 
from 40 to 60 complete anesthesia for surgery but 
awareness occurred in the BIS group, as compared 
within the ETAC (end-tidal anesthetic-agent 
concentration) group (9). 
In another review by Punjasawadwong et al. In 
2007, 20 studies with 4056 participants comparing 
BIS to clinical symptoms with anesthesia titration 
concluded that BIS use reduced anesthesia and 
shorter recovery time and intraoperative awareness. 
The total cost was lower in the BIS group compared 
to the CS group (6). 
As it’s shown in figure 1 by increasing the BIS 
value, the anesthetic dose, extubation and recovery 
time, were significantly reduced as well as the cost. 
Pavlin et al. and Hong yu et al., Nelskyla et al, the 
same as this study, concluded that BIS control could 
reduce recovery time (11-13). Wong et al achieve the 
same result as this study about the extubation time 
(6). Gan TJ, found that anesthetic dose was decreased 
with BIS value increasing (5). 
As it is shown in figure 2 both ICU and 
hospital stay were significantly reduced with 
increasing the BIS value. 
Neeru Sahni et al. were studied on the depth of 
anesthesia on the postoperative pain and analgesic 
requirements in patients undergoing laparoscopic 
cholecystectomy (14). They concluded that BIS to a 
value of 45 to 40 throughout the surgery results in 
 
 
Figure 2. Relationship between ICU and hospital stay with BIS range. 
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better postoperative pain relief and decreased 
requirement of rescue analgesic without any 
untoward effect. 
Ketai et al. achieve to the same results that there 
was no significant difference between mortality and 
BIS value (15) Several studies such as Wong et al, 
Chen et al and Ekman et al shown that there is no 
significant difference between awareness during 
surgery with BIS value (2, 7, 16). 
Conclusion 
It was conducted that in this study there was 
significant difference between PONV and BIS value. 
But there was no significant relationship between 
Analgesic, awareness and mortality with BIS value. By 
increasing the BIS value, the anesthetic dose, 
extubation and recovery time, hospital and ICU stay 
were significantly reduced as well as the cost. 
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